This study evaluated the landscape structure of a watershed located in a region considered strategic for the implementation of the Paraná River Biodiversity Corridor. Based on land-use/land-cover mapping, four different scenarios were generated: 1) real situation, 2) considering the edge effect, 3) without Permanent Preservation Areas (APPs), and 4) with restoration of the riparian APPs. Different landscape metrics were calculated for each scenario. In scenario 2, only 28% of the total natural vegetation cover remained as core areas. In scenario 3, there was a considerable increase in forest fragmentation. In scenario 4, an expressive increase in landscape connectivity was promoted. In conclusion, a relatively small increase in natural vegetation cover can promote considerable increase in landscape connectivity and restoration of the riparian APPs in watersheds of the region should be considered as a priority action for the implementation of the Paraná River Biodiversity Corridor.
INTRODUCTION
Western Parana presents one of the highest levels of fragmentation of natural vegetation in that state (Tossulino et al., 2007) . This region is part of the Upper Parana Atlantic Forest Ecoregion -one of the 15 ecoregions identified in the Atlantic Forest Biome (Di Bitetti et al., 2003) , and comprises two important protected areas: the Iguaçu National Park and the Parana River Permanent Preservation Area, located along the banks of the Itaipu Hydroelectric Power Plant reservoir.
Because these two protected areas are relatively distant and isolated from each other, the World Wildlife Fund (WWF-Brazil) has stated in its Biodiversity Conservation Landscape map that the region between them should be considered as an area that requires biodiversity corridor (Di Bitetti et al., 2003) . These corridors are seen as local proposals aimed at consolidating, on a broader scale, the Parana River Biodiversity Corridor. This corridor is crucial for avoiding genetic isolation among the biota remnants of the semideciduous seasonal forests located in the states of Sao Paulo and Mato Grosso do Sul in southern Brazil, as well as in northwestern Argentina and eastern Paraguay (Di Bitetti et al., 2003) .
One of the alternatives to diminish the isolation between these two protected areas is the recovery of riparian forests in the watersheds of the region (Muchailh et al., 2010) , considering that this vegetation that occupies Permanent Preservation Areas (APPs) is important for fauna movement and plant dispersal, greatly contributing to biodiversity conservation in fragmented landscapes (Lima & Zákia, 2000; Lees & Peres, 2008; Jesus et al., 2012) .
Conservation and recovery of riparian forests, forming ecological corridors, result in significant improvements in landscape ecology not only because of the increase in forest cover, but also of the decrease in the number of small fragments, enabling the formation of larger and less isolated polygons of natural vegetation (Muchailh et al., 2010) .
In addition to isolation, the remaining fragments suffer negative influences on their edges -the so-called edge effect. In fragmented landscapes, the edges of natural vegetation fragments are the areas most impacted by anthropic activities. They also undergo greater changes in microclimatic conditions such as increased light and temperature, decreased soil moisture, greater interference from winds, among others, with negative consequences for biota (Harper et al., 2005; Tabarelli et al., 2008; Metzger, 2009 ).
This study aims to evaluate aspects of landscape structure associated with biodiversity conservation in a watershed located in western Parana state, a region of strategic importance for the implementation of the Parana River Biodiversity Corridor. Its specific objective is to describe land use and land cover in this watershed, considering the edge effect and the importance of riparian APPs for landscape ecology.
MATERIAL AND METHODS
The Ocoy River Basin lies between the Iguaçu National Park and the reservoir of the Itaipu Hydroelectric Power Plant, which are located in the Upper Parana Atlantic Forest Ecoregion, Parana state, Brazil. This is the largest of the 15 ecoregions identified in the Atlantic Forest Biome, and its predominant vegetation is the semideciduous seasonal forest (Di Bitetti et al., 2003) .
The present study was conducted in a watershed located in the Ocoy River Basin. This particular watershed was selected based on the spatial distribution of its hydrographic network and on its potential for connecting the Iguaçu National Park and the Itaipu Reservoir Permanent Preservation Area. The watershed under study is 1,888 ha large. Its southeast border is 12 km far from the Iguaçu National Park and its northwest border is at a distance of 14 km from the Itaipu Reservoir (Figure 1 ).
Land use and land cover mapping
The Georeferenced Information Processing System (SPRING), version 5.2.6, was used for the creation of thematic maps. The database was structured in a project with UTM cartographic projection, zone 21, SIRGAS 2000 datum, and a surrounding rectangle with the following coordinates: west longitude between 53°59' and 54°05' and south latitude between 24°14' and 25°20' . Georeferenced images from the French satellite Pleiades were imported into this database from the green (band 2), red (band 3), and near infrared (NIR, band 4) bands, with spatial resolution of 2 m and coverage as of March 2014. Using SPRING enhancement mechanisms, a synthetic "false color" image was generated, associating these different electromagnetic spectrum bands with the following colored compositions: 2 (blue), 3 (red), and 4 (green). Association of the green color with the NIR band enables easier recognition of vegetation and exposed soil.
Classification of land use and land cover was performed in screen scanning. The following classes were established for this classification: agriculture, pasture, natural vegetation, reforestation, residential and circulation areas, roads, and lakes/reservoirs.
In the study area, the original soil cover is exclusively forested, thus the natural vegetation class corresponds to remaining forest fragments.
Delimitation of permanent preservation areas
Federal Law no. 12.651, dated May 25, 2012, and known as the New Brazilian Forest Code, was employed for determination of the Permanent Preservation Areas (APPs). In order to establish the APP range, a width of at least 15 meters was considered around watercourses and springs, as determined in the article 61-A of the aforementioned Law (regarding rural properties with an area larger than two and up to four fiscal modules). The use of the property size parameter was based on the classification of the rural properties located in the study region (Brasil, 1980; Paraná, 2003) .
Delimitation of fragment edges
The core area, disregarding the edge areas, was used to indicate the nuclear area of the fragment. For this study, the width of the edge area was 50 m. This criterion was taken from the evaluation performed by Fontoura et al. (2006) regarding the extent of penetration of the edge effect in a forest fragment according to the changes of the plant community in relation to species richness and abundance. Thus, for delimitation of the edge areas, a 50 m extension from the edge towards the interior of the fragments was considered in the studied landscape.
Landscape ecology metrics
Landscape ecology metrics were calculated based on the land use and land cover map. To diagnose the landscape as a whole, land cover classes were determined by calculating their percentage. At the level of forest fragments, seven metrics of landscape ecology were calculated for each scenario (see ahead): natural vegetation total cover, expressed in hectares and percentage; number of fragments; average size and average shape index of fragments; average distance to the nearest neighbor; and average connectivity between remnants, measured by the proximity index (PROX) metric (see ahead).
Determination of the shape factor, the so-called "circularity index", was based on the methodology proposed by Miller (1953) (apud Christofoletti, 1974) , conventionally used for determining the shape of river basins, and adapted for forest fragments polygons. As the index value decreases and distances from 1, the greater the tendency of the fragment to display a more elongated shape, and thus be more exposed to edge effect (Greggio et al., 2009; Silvério et al., 2015) .
PROX was the metric used to calculate connectivity between the fragments of the study area. This metric is based on the ratio between the total sum of the areas of fragments of the same class as the target fragment and the sum of the respective Euclidean edge-to-edge distances, considering only the fragments within the search radius (McGarigal & Marks, 1995) . PROX value may be zero when there is no fragment of the same class of the target fragment within the stipulated radius, and it increases as the areas of fragments of the same class increase and the distances from the target fragment to their neighbors decrease.
For determination of PROX, a search radius of 500 meters was established based on Milet-Pinheiro & Schlindwein (2005) . According to their findings, males of some Euglossini species are be able to link isolated fragments by flying distances of 500 m between them in a fragmented landscape. This is one of the alternatives for determination of PROX values in the assessment of landscape connectivity. The use of Euglossini bees to determine the search radius considers the relevant role played by these bees in the pollination of several plant species in tropical and subtropical forests (Aguiar & Gaglianone, 2012) .
Unfortunately, no results have been found in the literature allowing for uniformization of abiotic variables and taxonomic groups used to define the range distance of edge effect and of search radius defined for calculation of PROX metric. In this context, we aimed to provide a possible assessment of the landscape structure.
Evaluated scenarios
Landscape metrics were calculated for the natural vegetation class in four different scenarios: 1) real situation; 2) considering the edge effect to assess the impact of this effect at landscape level; 3) disregarding the riparian APPs to assess the effect of APP removal on landscape ecology; and 4) considering restoration of the riparian APPs devoid of natural vegetation to ascertain the benefits that would be achieved with the recovery of these areas.
RESULTS AND DISCUSSION
In the distribution of land use and land cover, the following classes were identified: annual crops (51.5%); natural vegetation (24.5%); pastures (18.6%); houses, buildings, and circulation areas (3.2%); reforestation (1.9%); roads (0.2%); lakes and reservoirs (0.2%) (Figure 2) . This distribution was similar to that found in the municipality of Céu Azul, located near the
study area, where predominance of agricultural use was observed, followed by natural vegetation and pastures (Muchailh et al., 2010) . With respect to the native vegetation cover found in the study area (24.5%), although larger than that found by Muchailh et al. (2010) , it is still much smaller than that recommended as ideal by Metzger (2009) : maintenance of 60-70% of the original habitat for a landscape to present a suitable structure for conservation purposes.
Regarding the riparian APPs, a deficit of 14.7 ha was observed, even with the application of the less stringent parameters of the New Forest Code (Brasil, 2012) , which reduced by 50% the width of APP buffer strips along watercourses in rural areas. The riparian APPs totaled 59.9 ha in the watershed as a whole, so the percentage of forest cover deficit in those areas was 25%. No non-riparian APPs were found.
Assessment of the watershed landscape ecology verified that the real situation, scenario 1, revealed that 24.5% of the study area presents natural vegetation (Table 1; Figure 3) . The relatively large number of fragments, 46, contributes to a relatively low average size, 11.6 ha, when compared with those of other studies. Calegari et al. (2010) , in an analysis conducted also on fragments of semideciduous seasonal forest, located in the municipality of Carandaí, Minas Gerais state, found a more expressive result, 30.6 ha, for the average size of fragments.
Average fragment size presented a worse result when the edge effect was applied (scenario 2). In this scenario, the average size of the fragments was 4.6 ha. This decrease was caused by a 72% reduction in the total area of natural vegetation, from 24.5% of total area index in the real situation to only 6.8%. In scenario 2, a drastic reduction in the number of fragments was also observed, considering that from the 46 remnants in the real situation, only 28 presented areas free of the influence of edge effect.
Despite their importance, small fragments may suffer greater edge interference. Edge effect is one of the main agents causing biodiversity decline (Harper et al., 2005; Tabarelli et al., 2008; Gomide & Lingnau, 2009; Metzger, 2009 ). The observed 72% reduction in native forest cover caused by the edge effect follows a trend The only scenario that resulted in increased average size of fragments was scenario 4, a hypothetical situation in which all riparian APPs would have natural vegetation. This scenario showed an increase of only 3.2% in the total of the natural vegetation class, but with a 65% increase in the average size of the fragments, which raised to 19.1 ha. Even so, they still would have an average size lower than 50 ha, a size that Ribeiro et al. (2009) pointed as small and insufficient for the maintenance of biodiversity. On the other hand, Calegari et al. (2010) emphasized the importance of these fragments for connectivity, advocating that, in spite of being small, they fulfill relevant functions in the conservation of landscape biodiversity.
In scenario 1, the fragments analyzed presented an average shape index of 0.43. Larger indices were found by Silvério et al. (2015) in fragmented landscapes of the Atlantic Forest in the municipality of Três Rios, 
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Rio de Janeiro state, where the average shape indices in the four landscapes studied ranged from 0.55 to 0.59. Nevertheless, these authors alerted to the risk of loss of biodiversity in the region due to the elongated or irregular shapes of the fragments. In this sense, the importance of riparian APPs for this study area is highlighted, considering that in scenario 3, assessment of the landscape structure without the existence of riparian vegetation showed a much lower shape index average value, 0.21, indicating fragments with even more elongated shapes and more exposed to the edge effect than in the real situation.
In contrast, the fragments analyzed with the presence of all riparian APPs (scenario 4) presented an average shape index of 0.68. Although the elongated shape inherent to riparian APPs suggests a lower circularity and, consequently, a lower average shape index, an opposing trend was observed for this metric in scenario 4. This apparently contradictory result can be explained by the fact that the recovery of riparian APPs projected in scenario 4 resulted in connection between fragments and consequent decrease in the number of fragments in the landscape. Thus, the denominator decreases in the calculation of the shape index average value overcompensated the decrease in circularity, resulting in a higher average shape index.
In the isolation analysis, the average distance to the nearest neighbor in all scenarios did not exceed 500 meters. Theoretically, it would allow some species of Euglossini bees to move from border to border in the fragments in the four scenarios. In Scenario 3, the fragments are closer (52.4 m), as there is an increase in the influence of the smaller distances in the calculation of the average, in view of the creation of fragments in the landscape separated by a distance of only 30 m -the width of the riparian APP considered in this study. In scenario 2, as expected due to the effect of edge removal, a significant increase in the average distance between fragments (216.8 m) was observed. In the real situation, the average distance was 82.1 m. In the landscapes studied by Silvério et al. (2015) , the average distances between fragments varied between 103 and 743 m, whereas in the study by Muchailh et al. (2010) , the value found was 79 m.
Persistence of many species of animals in fragmented landscapes depends on their ability to move between habitat fragments, which vary according to the species. Some species of birds, for example, are very demanding as to the limit of the distance of displacement between habitat fragments. Awade & Metzger (2008) found limiting distances of 60 and 80 m for two Atlantic Forest bird species. Considering the average distance to the nearest fragment in our study area, such species would encounter difficulties in passing from one fragment to the other, and would present low probability of persistence in the landscape.
Evaluation of connectivity by means of the PROX metric showed low values, mainly when compared with those of other studies. Scenario 4 that presented the highest PROX average, with a value 22 times higher than that of scenario 1. Therefore, in scenario 4, restoration of the riparian APPs, although not representing a significant change in the total class area, impacted connectivity significantly according to the PROX metric data. Mello et al. (2014) found a greater increase in the natural vegetation class with the restoration of APPs in a study conducted in the municipality of Sorocaba, Sao Paulo state, increasing from 16.6% to 28%, accompanied by significant increase in PROX values and landscape connectivity. The 22-fold increase in the PROX mean value in scenario 4 indicates the possibility of significant enhancement in the gene flow of plant species in the studied landscape, considering the important role played by Euglossini bees in the pollination of plant species in tropical and subtropical forests (Aguiar & Gaglianone, 2012) .
In the present study, analysis of the environment with restoration of the riparian APPs devoid of natural vegetation showed an increase in the area and a reduction in the number of natural vegetation fragments, evidencing that restoration of the riparian APPs rendered the landscape less fragmented and considerably more connected. Calegari et al. (2010) warned about the importance of forest restoration, mainly in areas of permanent preservation and Mello et al. (2014) stated that recovery of APPs significantly improves landscape connectivity.
Considering that riparian vegetation follows the spatial configuration of rivers forming long and continuous buffer strips in the landscape along their course, it tends to form more irregularly shaped fragments (Vidolin et al., 2011) with less circularity than others more rounded fragments of same area. Thus, it is worth highlighting that the decrease in the legal requirement for the width of riparian APPs introduced by the New Forest Code (Brasil, 2012) lessened the potential of these areas of natural vegetation to promote reduction of the susceptibility of fragments to edge effect. However, even with a reduced width, the results indicate the extreme importance of riparian APPs for the maintenance of connectivity in landscapes with fragmented natural vegetation cover.
The connection between the Iguaçu National Park and the Permanent Preservation Area of the Itaipu Hydroelectric Power Plant Reservoir on the Parana River can significantly contribute to the conservation of the Atlantic Forest biodiversity (Di Bitetti et al., 2003) . This permanent preservation area is approximately 2,900 km long and 217 m wide on average, and comprises reforestations and remnants of native forests along almost all the banks of the reservoir (Itaipu Binacional, 2015a ). An example of an attempted connection between the two protected areas is the Santa Maria Corridor, which consists of remnants of native forest and a 60 m wide reforestation belt in the Rio Bonito River basin in the municipality of Santa Terezinha de Itaipu, Parana state (Itaipu Binacional, 2015b) . However, this initiative is considered insufficient for an effective connection, and the need for a broader corridor is suggested (Di Bitetti et al., 2003) . The present study evidenced that the simple restoration of native riparian forests in the watersheds of the region can significantly increase the connectivity of the landscape and the connection between the Iguaçu National Park and the Permanent Preservation Area of the Itaipu Hydroelectric Power Plant Reservoir, consequently contributing to the implementation of the Parana River Biodiversity Corridor.
CONCLUSIONS
This study verified that, in a scenario in which native vegetation cover is restricted to the core areas of forest fragments, there is drastic reduction in the habitat area available and landscape connectivity. This scenario is particularly important for assessing the quality of the landscape considering the species most sensitive to biotic and abiotic changes that occur at the edges of the fragments and in the surrounding matrix. It suggests that many of these species, due to difficulties in displacement between habitat remnants, may not have remained in the studied landscape. Proper management of the edges of forest remnants in the landscape, aiming to reduce edge effect and difficulties in displacement between remnants, can be particularly beneficial for the maintenance of populations of the most sensitive species. Planting of forestry species without invasion potential on the edges of fragments to function as a buffer zone and control of lianas on the edges of the remnants are examples of management measures to be studied.
Restoration of the riparian APPs according to the current legislation would increase the native vegetation cover of the studied watershed by only 3.2%. However, this increase would cause a notable positive impact on the landscape quality, as indicated by the metrics used, reducing the fragmentation of the remaining natural vegetation and the number of fragments by connecting them, increasing the average area, and reducing the average distance between the fragments -changes favorable to the increase of structural connectivity. The most evident positive impact of restoration of the riparian APPs would be the increase in connectivity, represented by the PROX values, which would promote a more favorable condition in terms of the possibility of gene flow between the remnants and maintenance of viable populations.
Due to its positive impacts on landscape ecology, restoration of the riparian APPs in the region of the study area can significantly favor the implementation of the Parana River Biodiversity Corridor. This type of action is quite simpler to implement compared to the establishment of large local corridors. Thus, it is suggested that this type of initiative be considered among the priority actions envisioned for the implementation of the Parana River Biodiversity Corridor.
